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Introduction 


Chronic  and  acute  stress  have  been  associated  with  alterations  in  immune  measures  including 
Natural  Killer  (NK)  cell  activity  (e.g.,  Herbert  &  Cohen,  1993).  Healthy  individuals  with  family 
histories  of  cancers  have  been  shown  to  have  lowered  NK  cell  c5^otoxicity  (e.g.,  Strayer  et  al 
1984,  1986;  Hersey  et  al.,  1979).  As  NK  cells  are  thought  to  serve  an  important  function  in 
unmune  surveillance  against  neoplastic  cells  (Trinchieri,  1990)  it  is  possible  that  deficits  in  NK 
cell  activity  in  individuals  at  familial  risk  for  cancer  may  contribute  to  their  heightened  risk  of 
developing  Ae  disease.  It  therefore  becomes  important  to  determine  the  causes  of  this  lowered 
NK  cell  activity.  Aside  from  heritable  deficits  in  NK  cell  activity  it  is  also  possible  that  the 
higher  levels  of  distress  that  have  been  foimd  in  women  with  family  histories  of  cancer  (e.g., 
Kash  et  al.,  1992)  may  be  partly  responsible  for  their  immune  deficits.  The  present  study  explores 
the  possiblity  that  women  with  family  histories  of  breast  cancer  may  have  higher 
psychophysiological  reactivity  and/or  greater  immunological  reactivity  to  stress  than  women 
without  family  histories  of  cancer.  This  aim  was  addressed  using  an  experimental  stressor 
paradigm  that  has  been  widely  recognized  in  psychophysiological  and 
psychoneuroimmunological  research. 

Having  a  family  history  of  breast  cancer  is  one  of  the  most  significant  risk  factors  for 
developing  breast  cancer  in  one’s  lifetime  (Harris,  et  al.,  1992).  The  risk  that  a  healthy  woman  will 
develop  breast  cancer  increases  with  the  number  of  affected  individuals  in  her  family.  For  example, 
the  relative  risk  of  breast  cancer  for  a  woman  with  a  single  first  degree  relative  with  breast  cancer 

has  been  estimated  as  1.5  to  2;  with  two  first  degree  relatives  estimates  range  from  4  to  6  relative 
risk. 

In  addition  to  the  role  played  by  heritable  mutations  in  specific  preneoplastic  cell  types  in 
familial  cancer,  it  is  also  possible  that  heritable  deficits  in  natural  killer  cell  activity  could  contribute 
to  the  mcreased  risk  (Strayer  et  al.,  1984;  Strayer  et  al.,  1986;  Hersey  et  al,  1979-  Guanti  et  al 
1989;  Whiteside  et  al.,  1989;  Lotzova,  1991).  Natural  killer  cell  activity  has  been  cited  as  a 
principal  effector  mechanism  of  immune  surveillance  against  transformed  cells  by  a  number  of 
investigators  (Trinchieri,  1990).  Consistent  with  possible  heritable  immune  deficits,  several  studies 
(although  not  all  [Pross  et  al.,  1984])  have  found  reductions  in  NK  cell  activity  in  individuals  with  a 
family  histoiy  of  a  variety  of  different  types  of  cancer.  Strayer  and  colleagues  (1984),  for  example, 
showed  that  healthy  women  with  a  family  histoiy  of  breast  cancer  had  lower  NK  cell  activity  than 
women  without  family  history.  The  mechanisms  responsible  for  the  reduced  NK  cell  activity  have 
not  been  explored.  These  studies,  however,  raise  the  possibility  that  heritable  deficits  in  NK  cell 
activity  may  contribute  to  the  risk  of  breast  cancer  in  women  with  family  histories  of  breast  cancer. 

Psychoneinoimmunology  (PNI)  research  suggests  an  additional  mechanism  by  which 
women  with  family  histories  of  breast  cancer  may  have  lowered  NK  cell  activity  namely  the 
possibility  that  stress  may  contribute  to  this  deficit.  This  idea  is  especially  compelling  since 
these  women  have  been  found  to  have  higher  levels  of  both  cancer-specific  and  general  distress 
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than  women  without  such  family  histories.  This  has  been  demonstrated  in  several  studies 
(Valdimarsdottir  et  al.,  1995;  Zakowski  et  al.,  in  press).  The  reasons  for  this  higher  distress  may 
be  numerous,  including  exposure  to  a  greater  number  of  chronic  stressors  such  as  the  experience 
of  the  death  of  a  parent  from  cancer,  or  high  levels  of  perceived  risk  for  breast  cancer  (e.g., 
Zakowski  et  al.,  in  press). 

There  are  at  least  two  ways  in  which  stress  may  contribute  to  the  reduced  immune  function 
seen  in  this  population.  The  first  concerns  potential  heightened  chronic  stress  due  to  the  greater 
number  or  severity  of  life  stressors  encountered  in  individuals  with  familial  histories  of  cancer.  This 
possibility  is  currently  being  investigated  in  a  longitudinal  study.  The  second  possibility  is  that  this 
population  may  be  more  sensitive  to  existing  stressors  by  showing  greater  psychophysiological  and 
immunological  reactions  to  stressors.  The  examination  of  this  hypothesis  was  the  principal  aim  of 
the  present  experimental  study. 

Naturalistic  studies  have  consistently  found  altered  immune  function  in  humans  facing  a 
variety  of  distressing  life  events  ("stressors")  including:  living  close  to  Three-Mile  Island  following 
the  nuclear  accident  (Baum  et  al.,  1983;  McKinnon  et  al.,  1989);  surviving  the  death  of  a  spouse 
(Bartrop  et  al.,  1977;  Schleifer  et  al.,  1983;  Irwin  et  al.,  1987);  enduring  marital  problems  and 
divorce  (Kiecolt-Glaser  et  al.,  1987;  Kiecolt-Glaser  et  al.,  1988);  taking  care  of  sick  relatives 
(Kiecolt-Glaser  et  al.,  1987;  Kiecolt-Glaser  et  al.,  1991);  being  unemployed  (Ametz  et  al.,  1987); 
and  taking  academic  examinations  (Dorian  et  al.,  1982;  Halvorsen  et  al.,  1987;  Glaser  et  al.,  1992). 
The  most  consistently  reported  immunological  changes  in  these  studies  are  reductions  of  in  vitro 
measures  of  cell-mediated  immune  function  (e.g.,  proliferative  responses  to  T  cell  mitogens  and 
natural  killer  (NK)  cell  function)  (Herbert  et  al.,  1993;  Biondi  et  al.,  1987).  This  observation  is 
directly  relevant  to  the  stress-health  relationship  since  an  altered  immune  system  may  not  be 
efficient  in  protecting  the  body  from  the  pathogens  that  can  cause  ilhess  and  may  facilitate 
development  of  infectious  illnesses  or  reduce  the  body's  ability  to  reject  tumors. 

In  addition,  laboratory  studies  have  demonstrated  that  experimental  procedures  designed  to 
induce  psychological  distress  also  cause  changes  in  immune  flmction  (Manuck  et  al.,  1991; 
Zakowski  et  al.,  1992;  Kiecolt-Glaser  et  al.,  1992;  Stone  et  al.,  1993;  Kiecolt-Glaser  et  al.,  1988; 
Zakowski  et  al.,  1994;  Zakowski,  et  al.,  1996;  Sieber  et  al.,  1992).  In  these  studies  human  subjects 
are  exposed  to  standardized  acute  stressors  in  a  controlled  laboratory  setting  and  their  psychological 
and  physiological  responses  are  measured  over  time.  This  methodology  has  been  widely  used  in 
cardiovascular  research  to  measure  reactivity  to  stressors,  i.e.,  the  magnitude  of  the 
psychophysiological  changes  from  resting  baseline  levels.  Several  studies  have  shown  that  brief 
exposure  to  a  relatively  mild  stressor  such  as  mental  arithmetic,  Stroop,  cold  pressor  task,  aversive 
noise,  or  watching  a  combat  surgery  film  can  induce  rapid  and  transient  changes  in  various 
measures  of  cellular  immunity  including  increases  in  NK  cell  activity  (e.g.,  Delahanty  et  al.,  1997) 
and  lymphocyte  proliferation  (e.g.,  Manuck  et  al.,  1991;  Zakowski  et  al.,  1992).  These  immune 
changes  occur  within  minutes  of  exposure  to  the  stressor.  Aside  from  eliminating  confounds 
associated  with  correlational  studies  this  experimental  approach  also  facilitates  the  study  of 
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individual  differences  in  reactivity,  the  magnitude  of  subjects'  psychophysiological  and  immune 
responses. 


The  present  study  examined  whether  women  at  familial  risk  for  breast  cancer  may  be 
psvchophvsiologically  more  reactive  to  stressors  than  women  without  family  histories  of  cancer 
which  in  turn  may  affect  their  immune  system.  The  possibility  of  higher  reactivity  in  these  women 
is  consistent  with  two  published  research  findings.  First,  individuals  with  high  levels  of  life  stress 
have  been  reported  to  be  more  reactive  to  brief  laboratory  stressors  (Pardine  et  al.,  1983).  Second, 
increased  emotional  reactivity  was  reported  by  Pettingale  et  al.  (1985)  in  a  study  of  individuals  with 
cancer,  a  difference  which  could  have  predated  the  development  of  their  cancer.  In  that  study, 
women  with  breast  cancer  reported  more  distress  after  watching  stressful  movies  than  a  group  of 
healthy  comparison  women  (Pettingale  et  al.,  1985). 

In  addition,  individuals  with  a  family  history  of  breast  cancer  may  be  more  immunologicallv 
reactive  to  stress.  That  is,  their  immune  system  may  respond  with  greater  magnitude  to  a  given 
stressor  than  that  of  individuals  at  normal  risk  for  cancer.  This  may  be  due  to  the  higher  levels  of 
distress  that  they  may  be  experiencing  in  the  face  of  a  given  stressor,  or  it  may  be  independent  of 
their  level  of  psychological  distress  suggesting  that  any  given  level  of  distress  might  have  a  greater 
impact  on  immune  function  in  these  individuals.  The  idea  of  an  increased  immunologic  reactivity  to 
psychological  distress  has  been  raised  by  other  investigators  concerning  other  populations  with 
compromised  immune  function,  such  as  the  elderly  and  HfV  positive  individuals  (Ader  et  al, 
1991).  The  present  study  examined  whether  women  with  family  histories  of  breast  cancer  may  be 
more  immimologically  reactive  to  stressors. 

The  present  study  thus  examined  two  major  hypotheses:  1.  Whether  women  with  family 
histories  of  breast  cancer  may  be  more  psychophysiologically  reactive  to  an  acute  experimental 
stressor;  and  2.  Whether  these  women  may  be  more  immunologically  reactive  to  acute  stressors. 
This  was  accomplished  by  comparing  women  at  familial  risk  for  breast  cancer  to  women  who  are  at 
normal  risk  based  on  their  family  histories.  As  part  of  a  broader,  still  ongoing  research  study,  these 
groups  were  exposed  to  acute  experimental  stressors  in  the  laboratory  and  their  psychological, 
cardiovascular,  and  immunological  responses  were  assessed  over  time. 


Method 


Subjects 

Two  groups  of  women  were  recruited  for  this  study.  The  first,  women  with  family  histories  of 
breast  cancer  (FH  Group,  n=24),  i.e.,  who  had  at  least  one  first-degree  relative  with  the  disease, 
were  recruited  fi-om  two  cancer  surveillance  clinics  in  the  New  York  metropolitan  area,  and 
advertisements  in  the  community.  The  second  group  consisted  of  women  who  have  no  family 
history  of  cancer  in  their  first  and  second  degree  relatives  (NFH  Group;  n=58).  These  were 


7 


recruited  through  advertisements  in  the  community.  Subjects  were  included  in  the  study  if  they 
were  premenopausal,  not  on  birth  control  pills  in  the  last  two  months,  reported  having  regular 
menses,  had  no  history  of  chronic  disease  or  neoplasm,  no  history  of  abnormal  breast  biopsy  or 
mammogram,  and  were  not  currently  using  any  drugs  known  to  affect  the  immune  system. 

Procedures 

All  experimental  sessions  were  started  in  the  morning  between  8  and  9  am.  Upon  arrival 
at  the  laboratory,  subjects  were  seated  in  a  comfortable  chair,  the  procedures  were  explained  in 
detail,  and  informed  consent  was  obtained.  An  iv-catheter  was  then  inserted  into  a  vein  of  the 
non-dominant  arm.  A  normal  saline  drip  kept  the  line  patent  for  the  duration  of  the  experimental 
session.  The  blood  pressure  monitor  was  hooked  up  and  the  cuff  put  on  the  subject’s  dominant 
arm.  The  subject  was  then  allowed  to  rest  for  20  minutes  to  allow  recovery  from  the  blood 
drawing  procedures.  Following  the  rest  period,  three  baseline  blood  pressure  (BP)  and  heart  rate 
(HR)  measures  were  taken  and  a  blood  sample  for  baseline  immime  measures  was  withdrawn. 
Subjects  were  then  exposed  to  two  consecutive  mental  tasks  or  a  non-stressful  control  task.  Self- 
reported  distress,  cardiovascular,  and  immunological  measures  were  assessed  before  and  after 
stressor  exposure.  After  task  completion,  subjects  were  told  to  relax  and  read  magazines  for  an 
additional  90  minutes  during  which  time  blood  samples  were  drawn  at  15  to  30  minute  intervals 
(see  below).  Upon  completion  of  this  session,  subjects  were  debriefed  and  thanked  and  were 
paid  for  their  participation. 

Experimental  tasks.  Both  stress  tasks  were  administered  by  a  second  experimenter  previously 
unknown  to  the  subject.  This  experimenter  was  blind  to  the  subject’s  family  history  status.  The 
first  stress  task  consisted  of  a  five-minute  speech  task,  where  subjects  were  asked  to  imagine  they 
had  been  caught  for  a  traffic  violation  and  had  to  defend  themselves  in  traffic  court.  They  were 
given  two  minutes  to  prepare  the  speech  and  three  minutes  to  deliver  it  in  front  of  a  video  camera 
in  the  presence  of  the  experimenter.  It  was  emphasized  that  their  performance  would  later  be 
rated  for  content  and  style  and  on  how  convincing  their  arguments  were.  The  second  task  was  a 
five-minute  mental  arithmetic  task  with  harrassment  where  subjects  were  told  to  add  numbers  out 
loud  at  the  pace  set  by  an  audiotape.  The  difficulty  of  this  task  lies  in  its  demands  of  speed  and 
concentration  on  the  part  of  the  subject.  The  subject  is  presented  with  a  series  of  one-digit 
numbers  and  she  is  required  to  add  each  new  number  to  the  previous  number  given  by  the  tape. 
It  is  the  tendency  of  most  subjects,  however,  to  add  the  new  number  to  the  solution  they  gave  to 
the  previous  number  addition  because  that  is  the  most  salient  stimulus  at  that  time.  Throughout 
the  task,  the  experimenter  interjected  comments  suggesting  to  the  subject  that  they  needed  to 
work  harder  or  faster. 

A  non-stressful  control  task  was  administered  to  a  suhsample  of  the  normal  risk  women. 
This  served  as  a  manipulation  check  of  the  effectiveness  of  the  stress  tasks  in  inducing 
psychological  and  immunological  changes.  The  control  task  consisted  of  a  non-stressful  reading 
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task  which  subjects  completed  in  the  same  amount  of  time.  They  were  asked  to  read  a  passage  of 
a  text  that  was  provided  to  them  by  the  experimenter  for  two  five-minute  intervals.  Results  of 
this  manipulation  check  will  be  presented  separately  below. 

Measures 


1.  Background  measures: 

Demographic  questionnaire.  This  is  a  standard  questionnaire  that  assesses  basic 
demographics  such  as  age,  race,  education,  marital  status,  etc. 

Family  History  Questionnaire:  Subjects  are  asked  to  provide  information  on  family 
history  of  cancer,  including  number  of  relatives  who  have  had  cancer,  the  type  of  cancer  they 
had,  their  age  at  diagnosis,  the  outcome  of  their  illness.  The  information  from  this  questionnaire 
was  used  to  calculate  familial  risk  for  breast  cancer  according  to  the  Claus  Model  (Claus,  et  al., 
1994). 

2.  Measures  of  acute  stress  in  response  to  the  laboratory  manipulations:  Reactivity  to  the 
laboratory  stressors  was  assessed  at  several  levels.  Psychological  distress  was  assessed  by  self- 
report  questionnaires,  cardiovascular  reactivity  was  assessed  by  continual  monitoring  of  heart 
rate  (HR)  and  blood  pressure  (BP) 

The  Profile  of  Mood  States  (POMST  The  POMS  (McNair  et  al.,  1971)  was  used  to  assess 
levels  of  distress  that  subjects  experienced  at  baseline  and  during  the  tasks.  This  is  measured 
using  65  items  which  are  rated  on  a  5-point  Likert  type  scale.  The  questionnaire  yields  six  mood 
subscales  including  tension-anxiety,  depression-dejection,  anger-hostility,  confusion- 
bewilderment,  vigor-activity,  and  fatigue-inertia.  The  POMS  also  includes  a  total  mood 
disturbance  (TMD)  score  created  by  the  taking  the  mean  of  the  scores  on  all  of  the  items  (McNair 
et  al.,  1971).  Subjects  were  asked  how  they  felt  “right  now”  at  baseline  and  how  they  felt 
“during  the  tasks”  immediately  post-task. 

Visual  Analog  Scales  (VASsL  VASs  (Celia  et  al.,  1986)  were  used  to  provide  measures 
of  subjects’  distress  and  moods  at  baseline  and  in  response  to  the  stressors.  Subjects  were  asked 
to  indicate  on  100mm  lines  to  what  extent  they  experienced  each  of  ten  moods,  including  fatigue, 
anxiety,  confusion,  depression,  energy,  anger,  tension,  relaxation,  frustration,  and  nervousness. 
Subjects  were  asked  to  rate  how  they  were  feeling  “right  now”  at  baseline  and  how  they  felt 
“during  the  tasks”  immediately  after  each  five-minute  task. 

Cardiovascular  measures.  Blood  pressure  (BP)  and  heart  rate  (HR)  were  monitored  before 
(baseline)  and  during  the  tasks  at  2-minute  intervals  using  an  automated  monitoring  device 
(Spacelabs).  This  was  done  by  placing  an  inflatable  cuff  on  the  subject’s  arm  at  the  beginning  of 
the  session.  Approximately  three  initial  measures  were  taken  prior  to  the  actual  baseline 


9 


measures,  in  order  to  allow  the  subject  to  habituate  to  the  device. 


^  Immune  measures:  A  total  of  six  blood  samples  were  taken  during  each  experimental  session: 
At  baseline  (pre-task),  15  min  (immediately  post-task),  30  min,  45  min,  75  min,  and  105  min. 
The  immune  measure  of  primary  interest  is  NK  cell  activity,  because  of  the  published  data 
indicating  deficits  in  individuals  with  a  family  history  of  cancer  (e.g.,  Strayer  et  al.,  1984).  In 
addition,  psychoimmune  studies  have  repeatedly  documented  that  NK  cell  activity  is  sensitive  to 
emotional  distress  (Herbert  &  Cohen,  1993). 

Natural  killer  cell  activity.  Natural  killer  cell  activity  was  assessed  in  a  whole  blood 
chromium  release  assay  using  the  natural  killer  (NK)  cell  sensitive  K562  erythroleukemia  line 
according  to  published  methods  (Rees  &  Platts,  1983).  Whole  blood  was  collected  in 
heparinized  vacutainers  and  stored  on  ice  imtil  processed.  All  samples  were  processed  on  the  day 
of  the  experiment  (within  three  hours  of  blood  collection).  K562  target  cells  were  suspended  in 
0.2  ml  RPMI-NBCS  and  labelled  with  Na2  ^*Cr02  (lOOuCi)  for  1  hour  at  37°C.  Cells  were 
washed  3  times  and  resuspended  in  RPMI-NBCS  for  one  hour.  Cells  were  then  washed  and 
resuspended  at  1  x  10^  cell/ml  of  RPMI/NBCS.  Whole  blood  samples  were  prepared  in  four 
dilutions  of  whole  blood  to  RPMI-NBCS,  i.e.,  1:1, 1:2,  1:4,  and  1:8.  Of  each  of  these  dilutions, 
0.1  ml  was  dispensed  in  roxmd-bottom  microtest  plates  and  0.1  ml  of  the  K562  target  cell 
suspension  was  added  to  each  well.  Each  whole  blood  sample  was  tested  in  triplicates  at  each  of 
the  dilutions.  Control  wells  contained  0.1  ml  K562  cell  suspension  with  0.1  ml  RPMI-NBCS  to 
assess  spontaneous  release,  or  with  0.1  ml  detergent  to  assess  maximum  release.  Well  plates 
were  incubated  for  4  hours  in  a  humidified  incubator  at  37  °C  and  5%  CO2.  Supernatants  of  each 
well  are  then  harvested  and  coxmted  in  a  gamma-counter.  Results  v^ll  be  expressed  in  percent 
cytotoxicity. 


Results 


Manipulation  check 

First,  we  examined  the  effectiveness  of  the  experimental  tasks  in  inducing  immune 
changes  by  comparing  the  stress  vs.  control  groups  on  NKCA  percent  changes  from  baseline.  A 
comparison  of  the  two  groups  using  a  repeated  measures  ANOVA  on  NKCA  showed  that  there 
was  a  significant  change  over  time  in  response  to  the  stressor,  F(l,64)=6.47,  p<.01,  with  an 
increase  of  about  32%  at  the  15  minute  timepoint  (see  Figure  1).  This  is  consistent  with  previous 
literature.  As  expected,  moods  as  measured  by  the  POMS  also  showed  significant  changes  in 
response  to  the  stressor  (all  p’s<.05).  Using  the  POMS  total  mood  disturbance  (TMD)  score  and 
subscales  as  predictors  in  a  repeated  measures  regression  in  the  subjects  exposed  to  the  stressors, 
it  was  shown  that  mood  changes  contributed  significantly  to  NKCA  changes  in  response  to  the 
tasks.  The  TMD,  positive  and  negative  mood  change  were  predictive  of  change  in  NKCA  in 
response  to  stress,  F(l,45)=4.04,  p<.05,  F(l,45)=6.33,  p<.01,  F(l,45)=3.51,  p=.06,  respectively. 
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Mood  subscales,  including  hostility  and  confusion  were  also  predictive  of  NKCA  changes, 
F(l,45)=4.07,  p=.04,  F(l,45)=5.23,  p<.02,  respectively.  This  confirms  that  NKCA  is  sensitive  to 
negative  moods  induced  by  the  experimental  tasks  that  were  chosen  for  this  study. 


Insert  Figure  1  about  here 


Having  confirmed  the  effectiveness  of  the  experimental  tasks  by  the  above  manipulation 
checks,  we  then  proceeded  to  test  the  main  hypotheses  of  this  study  by  testing  the  differential 
psychobiological  and  immunological  reactivity  in  high  risk  vs.  normal  risk  women. 

Risk  group  comparability 

Subjects  included  in  this  part  of  the  analyses  were  those  for  whom  complete  family 
history  data  that  allowed  calculation  of  breast  cancer  risk  as  well  as  complete  immune  and 
psychophysiological  data  were  available  at  the  time  of  analyses.  Women  were  divided  into  high 
risk  (n=16)  and  normal  risk  (n=30)  groups  according  to  their  scores  on  the  Claus  Model  using  a 
cutoff  score  of  11%  (Claus  et  al.,  1994).  This  classification  was  made  independently  of  initial 
family  history  status,  as  this  model  takes  into  account  additional  factors  (e.g.,  second  degree 
relatives  with  cancer,  etc.)  that  make  it  a  more  sensitive  measure  of  familial  breast  cancer  risk 
(Claus  et  al.,  1994).  Initial  analyses  were  conducted  to  ascertain  demographic  comparability  of 
the  two  groups.  Subjects  did  not  differ  significantly  on  any  of  the  demographic  measures, 
including  age  (M=34.4,  SD=6.8;  M=36.25,  SD=7.2  for  high  and  normd  risk  women 
respectively),  marital  status  (82%  of  the  women  were  not  currently  married),  education  (89.13% 
had  at  least  a  college  education.  For  ethnic  background  the  distributions  was  as  follows:  In  the 
normal  risk  group  66.67%  were  Caucasian,  13.67  African  American,  6.67%  Hispanic,  6.67% 
Asian,  and  3.33%  other.  In  the  high  risk  group,  93.75%  were  Caucasian  and  6.25%  other. 

Psychophysiological  reactivity: 

Repeated  measures  ANCOVA  was  conducted  on  each  of  the  dependent  variables 
separately  including  self-reported  distress,  BP,  and  HR  (see  Table  1).  Results  showed  significant 
differences  between  the  groups  on  negative  moods  with  the  high  risk  group  reporting 
significantly  greater  negative  mood  increases  in  response  to  the  stressors  than  women  in  the 
normal  risk  group,  F(l,44)=7.66,  p<.01.  Heart  rate  reactivity  was  also  significantly  greater  in 
high  risk  women  as  shown  by  greater  levels  of  change  from  baseline  in  response  to  the  stressor, 
F(l,44)=3.95,  p=.053.  No  group  differences  were  found  for  blood  pressure. 
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Insert  Table  1  about  here 


Immunological  reactivity  to  stress 

Repeated  measures  ANOVA  was  conducted  using  a  4  (dilutions)  by  2  (groups)  design  on 
percent  changes  of  NKCA  lysis  from  baseline  levels.  As  the  initial  manipulation  check  showed 
the  crucial  timepoint  for  stress-NKCA  effects  to  be  immediately  post-task,  we  chose  this 
timepoint  for  the  present  analysis.  Results  indicated  a  significant  group  main  effect  indicating 
that  women  in  the  high  risk  group  exhibited  greater  increases  in  NKCA  in  response  to  the 
stressors  than  women  in  the  low  risk  group,  F(l,44)=8.22,  p<.01  (see  Table  2).  There  was  also 
the  expected  main  effect  for  dilutions  confirming  a  dose-response  curve,  F(3,132)=18.56,  p<.01. 
No  interactions  of  group  by  dilution  were  found  suggesting  that  the  group  effect  is  consistent 
across  NK  cell  dilutions. 


Insert  Table  2  about  here 


Discussion  and  Conclusions 

The  present  study  had  two  major  aims:  (1)  to  examine  whether  women  with  family  histories  of 
breast  cancer  have  higher  psychophysiological  reactivity  to  acute  stressors,  and  (2)  whether  these 
women  may  have  greater  immunological  reactivity  to  acute  stressors.  Both  of  these  hypotheses 
were  at  least  partially  confirmed  in  that  it  was  shown  that  women  at  familial  risk  for  breast 
cancer  exhibited  greater  increases  in  negative  moods  and  HR,  as  well  as  NKCA.  Using  stress 
reactivity  in  the  laboratory  as  a  model  for  responses  in  everyday  life,  this  may  be  two  of  the  ways 
in  which  women  at  familial  risk  for  breast  cancer  may  have  reduced  basal  levels  of  NKCA.  First, 
their  heightened  psychological  and  cardiovascular  reactivity  can  be  considered  to  be  reflective  of 
high  levels  of  sympathetic  arousal  that  women  at  familial  risk  may  experience  in  the  face  of 
everyday  stressors.  This  possibly  repeated  hyperresponsiveness  may  in  turn  lead  to  chronically 
lowered  immune  function.  Further,  it  was  found  that  women  at  familial  risk  for  breast  cancer 
had  higher  immimological  responsivity  to  acute  stressors,  suggesting  that  their  immune  systems 
may  be  more  sensitive  to  stress  as  well.  Whether  this  is  entirely  dependent  on  the  extent  of  their 
experience  of  distress  in  response  to  the  event  or  whether  it  may  be  partially  independent  of 
psychological  and/or  physiological  stress  responses  remains  to  be  examined.  It  is  possible  that 
women  at  familial  risk  for  breast  cancer,  in  addition  to  experiencing  more  distress,  also  may  have 
immime  systems  that  are  more  sensitive  to  this  distress.  This  possibility  will  be  examined  in 
fiorther  analyses. 

The  study  has  several  implications.  First,  it  suggests  the  possibility  that  women  with  family 
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histories  of  breast  cancer  in  addition  to  having  higher  levels  of  chronic  distress  as  previously 
shown  (e.g.,  Valdimarsdottir  et  al.,  1996)  because  of  possible  exposure  to  more  stressful  events 
such  as  the  death  of  a  family  member  from  cancer  (Zakowski  et  al.,  in  press),  also  may  be  more 
psychophysiologically  reactive  to  any  given  stressor.  This  in  turn  may  contribute  to  their 
heightened  levels  of  chronic  distress.  Future  studies  should  be  done  to  examine  the 
generalizability  of  this  finding  to  other  acute  stressors  and  to  stressors  in  daily  life.  Further,  it 
should  be  examined  whether  this  heightened  reactivity  may  be  even  more  pronoimced  in 
response  to  cancer-specific  stressors  as  compared  to  general  acute  stressors  such  as  the  ones 
examined  in  the  present  study.  If  it  can  be  shown  that  women  at  familial  risk  for  breast  cancer 
are  generally  more  reactive  to  stressors,  interventions  can  be  tailored  to  this  specific  issue.  For 
example,  teaching  women  how  to  reduce  their  psychophysiological  responses  to  stressors,  i.e., 
through  relaxation,  meditation  exercises,  or  other  techniques  may  help  women  to  monitor  their 
level  of  stress  responding  and  reduce  their  reactivity  to  a  more  tolerable  level.  Future 
examination  of  women’s  reactivity  to  different  types  of  stressors,  i.e.,  cancer-specific  vs.  general 
stressors,  may  also  provide  important  information  in  terms  of  targetting  different  situations  in 
which  stress  reducing  strategies  may  be  especially  valuable  and  by  helping  to  make  the 
environment  more  predictable  and  controllable  for  these  women.  Reducing  stress  responding  in 
women  at  familial  risk  for  breast  cancer  may  in  turn  increase  their  natural  killer  cell  activity 
which  has  been  shown  to  be  reduced  relatively  to  women  without  family  histories  of  cancer. 

The  finding  of  increased  immune  responsivity  to  stressors  in  these  women  needs  to  be  further 
explored.  As  mentioned  earlier,  an  increase  in  NKCA  is  the  typical  acute  stress  response  found 
in  human  experimental  studies,  therefore  a  higher  increase  in  NKCA  would  signify  a  greater 
stress  response.  It  is  possible  that  the  temporary  increase  in  NKCA  may  lead  to  delayed 
reductions  in  NKCA  that  were  not  picked  up  in  the  relatively  short  time  period  covered  by  the 
experimental  sessions.  However,  this  possibility  requires  further  study.  In  addition,  the 
possibility  of  greater  immunological  sensitivity  in  women  at  familial  risk  for  cancer,  i.e.,  greater 
immune  responses  to  stressors  when  changes  in  psychological  distress  are  controlled,  will  also  be 
explored  in  the  present  study. 

Future  studies  should  be  done  to  confirm  our  findings  and  to  extend  them  by  examining  women’s 
responses  to  different  types  of  stressors  including  cancer-specific  ones,  and  examining  the  effects 
of  interventions  targeting  women’s  hyperresponsiveness  to  stressors  by  teaching  stress-reducing 
techniques.  The  consequences  of  such  interventions  for  immune  function  need  to  be  addressed 
as  a  means  for  increasing  NKCA  to  levels  comparable  to  those  of  women  without  family 
histories  of  cancer  as  a  possible  way  of  improving  health  and  reducing  cancer  risk. 
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Table  1 :  Psychophysiological  responses  to  the  stressors  in  High  and  Normal  Risk  women 


Normal  Risk  Group 

High  Risk  Group 

Mean  VAS  (in  mm) 

-Baseline 

21.67(9.5) 

21.27(11.6) 

-Stress 

39.33  (14.7) 

48.56  (9.9) 

Mean  Heart  Rate  (in  bpm) 
-Baseline 

74.14(9.54) 

72.06  (8.21) 

-Stress 

84.1  (13.6) 

88.03  (17.15) 

Mean  SBP  (in  mm/Hg) 

-Baseline 

113.7  (8.7) 

113.2  (3.6) 

-Stress 

129.0  (10.6) 

131.8(11.2) 

Mean  DBP  (in  mm/Hg) 

-Baseline 

71.6  (5.7) 

72.9  (6.7) 

-Stress 

83.0  (6.4) 

83.2  (8.0) 

Table  2:  Percent  change  in  NKCA  lysis  from  baseline  to  post-stressor  levels  in  High  and 
Normal  Risk  women 


Normal  Risk  Group 

High  Risk  Group 

Dilution  1:1 

33.40  (32.84) 

63.46  (56.76) 

Dilution  1 :2 

30.52  (29.44) 

61.63  (49.87) 

Dilution  1 :4 

19.39  (19.32) 

39.98  (33.92) 

Dilution  1:8 

12.43  (10.91) 

25.04  (25.26) 
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Figure  1:  NKCA  changes  in  experimentals  vs.  controls. 
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